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MGE  Motivation for Negative-Tone Resist

Table LITH4a  Resist Requirements—Near-term -?P 97 ITRS Roadmap

Year of Production 2007 2008 2009 2010 2011 2012 2013 2014 | 2015
DIRANM 4 pirch (nm) (comtacted) 63 37 50 43 40 36 32 28 25
Flazh ¥ pitch (mm) (im-contacted poly} 535 450 . 33.7 318 28. 253 25 200

MPU gate in resist length (nm)

Resist Characteristics *
Resist mests requirements for gate resolurion and gate CD
contral from, 3 sigma) T

Resist thickness (itm, single layer) #+*

PER temperanms sensitivity (nm/C)
Backside particle density (particles'ont’)

Back surface particls diamerer- lithagraphy and
msasirement tools (nmy
Digfects in spin-coated resiss films (Zem’) 7
Ainimun defect size in spin-coated resizs films ()
Digfects in parterned resisi films, gates, comiacts, sic.
(Een')
Uisvimran Acfines ciza in msrernad wacicr drm)

LWR (3sigma) <8% of CD
AN ECLY U SN COUIET [ EIEN JIUTY JUT RIS fARLET iy
(#em”)

Backside particle density for double patterning (Sem”)

Negative-tone resists are limitedly influenced by flare.
We believe Negative-tone resist can achieve these required properties.
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Design Concepts for New Negative —tone
MGEC Molecular Resist Material

Demands Concepts Materials

Coating ability Branch structure
(amorphous)

Low molecular weight Aromatic aldehyde
High resolution Uniformity
Smaller LER )

. e Hydrophobicity
[ High sensitivity (No swelling)
Resorcinol
Etching durability Chemical amplified type
High density of C atom New Phenylcalix
[4] resorcinarene
Rigid cyclic structure Derivatives
Suppressed (aS a Calixarene)
outgassin .
i o Easy manufacture Manufactured by the reaction
Easy to get raw materials between Aromatic aldehyde
Productivity ~ No metal contamination and Resorcinol
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MGE Motivation for negative-tone molecular resist

Polymer Molecular Resist
Large LER
H
Mw = 8000 LER (30) = 7.3nm Mw = 692 LER(30) = 1.5nm

- Phenylcalix [4] resorcinarenes are small-size and high-Tg molecules,
enough for patterning high-resolution and low-LER.

________________________________________________
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Previous Data
MGEC  (Negative-tone resist using MGR108)

EB 30nm hp,60nmt

LER=--nm,52 uC/cm?
EUV
LS Pattern
CD (nm) 26
Esize (mJ/cm?2) 24.0

LWR (nm) 6.1
q 5 P nZ(32) 12.8
HO OH 4 By courtesy of SEMATECH

MGR108
- Patterns were well defined at =30 nmhp.
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Previous Data
(Negative-tone resist using CRA-02)

EB 40nm hp,55nmt EB 30nm hp,55nmt
LER1=3.4nm.90 u C/+ cmz | LER=3.0nm,90uC/cm?

25nm hp,55nmt
.1nm; 90/ C/cm?
VTRV

T

- Patterns were well defined at 40-25 nmhp.
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MGE  The purpose of this study

Investigation of correlation with the octanol water partition
coefficient (ClogP) and the sensitivity at a dose of 50 nmhp of
negative-tone molecular resists.

The octanol water partition coefficient logP is used in
QSAR studies and rational drug design as a
measure of molecular hydrophobicity.

Hydrophobicity affects drug absorption, bioavailability,
hydrophobic drug-receptor interactions,
metabolism of molecules, as well as their toxicity.

LogP has become also a key parameter in studies of
the environmental fate of chemicals.

The values of the octanol water partition coefficient were measured
by ChemProp Pro for Chem 3D.
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MGE  General synthesis of HP-CRA

QL ——
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Six HP-CRA derivatives as a mixture of various isomers were
synthesized in high yields (99%) .
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MGE  General synthesis of AP-CRA

Two AP-CRA derivatives as a mixture of various isomers were
synthesized in high yields (99%) .
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MGC

Experiment (Resist composition)

Matrix PAG Cross-Linker | Quencher | Solvent

Resist A | HP-CRA-01
Resist B | HP-CRA-02
Resist C | HP-CRA-03
Resist D | HP-CRA-04
Resist E | HP—CRA-05 PAG-1 HMMM Q-1 PGME
Resist F | HP-CRA-06
Resist G | AP-CRA-07
Resist H | AP-CRA-08

PAG-1 : sulfonium sulfonate

HMMM : hexamethoxymethylmelamine

0-1 : amine

PGME : propylene glycol monomethyl ether
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MGC

Apparatus:
Ultra—High Precision EB Lithography System
(ELS—17500 : Acceleration Voltage 50 keV)
at Mitsubishi Gas Chemical (MGC)

Experiment (EB Patterning Evaluations)

Process Conditions:
Substrate: Organic layer (UL)
Film Thickness: 30—60nm
PB&PEB: 110C/90s
Dev.: TMAH 0.26N 60s

Analysis Conditions:
SEM: S4800
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MGE  Characteristics of CRAs (1/2)

Matrix Model Dissolution ClogP | Sensitivity
Structure rate (nm/min) (uC/cm?)
®
HP-CRA-01 . f > 50 18.16 84
O
O OH
HP-CRA-02 é f > 50 15.78 120
HP-CRA-03 %%P > 50 20.24 50
HP-CRA-04 ?Ji;)éé:? > 50 17.85 80
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MGE  Characteristics of CRAs (2/2)

Matrix Model Dissolution ClogP | Sensitivity
Structure rate (hm/min) (uC/cm?)
HP-CRA-05 (,(-D%P > 50 22.36 20
. <5
HP-CRA-06 W . > 50 19.97 60
AP-CRA-07 %P > 50 20.12 48
AP-CRA-08 q ép > 50 15.35 78
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Correlation between the octanol water partition
coefficient and the sensitivity
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The sensitivity of resists were higher as the value of the octanol
water partition coefficient got smaller.
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MGE  Highlight Data (New Resist) - Update -

EB 10nmhp
44 uC/cm?

EB 15nmhp
48 uC/cm?

EB 20nmhp
52ucC/ cm?

M

calix [4] resorcinarene
- derivative
- By using new calix [4] resorcinarene derivative,
sub 30nm hp patterns were resolved at the high sensitivity
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MGEC Summary

- We invested of correlation with the octanol water partition coefficient
and the sensitivity of negative-tone molecular resists based on
calix [4] resorcinarene (CRA) by Electron Beam Lithography (EBL).

- The sensitivity of negative—tone molecular resists were higher as the
value of the octanol water partition coefficient got smaller.

- |t was confirmed that the octanol water partition coefficient was useful
to the guess of sensitivity of negative—tone molecular resists.

- Furthermore, we have developed new calix [4] resorcinarenes showing
well-defined sub 20nm half-pitch patterns.

- Future study is underway to improve resist performance through material

and process optimization to evaluate resist performance by EUV
lithography (EUVL).
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